This study aimed to develop a scientific thinking disposition inventory (STDI) with good reliability and validity.
Introduction
Individual thinking patterns may be influenced by value systems in science and these thinking patterns are shared by science traditions. Thus, they have become scientific thinking dispositions (Settlage & Southerland, 2007) . These thinking dispositions are not spontaneous. They are passed down from one generation of scientists to the next. Students who just started to learn science must learn behaviors conforming to these thinking dispositions in the process of becoming members of science culture. The meanings of these thinking
The discussions on habits of mind are associated with the meanings of a thinking disposition. Costa and Kallick (2000) defined habits of mind as a pattern of intellectual behaviors which can lead to actions with achievements and a characteristic of problem solvers with a quick wit. Perkins et al. (2000) and Costa and Kallick (2000) believed that even though habits of mind and thinking dispositions are different in amounts and names, they are similar in the psychological aspect, as they both focus on open-mind, rationality, curiosity, and metacognitive reflective-thinking. The 16 habits of mind are listed as below:
1. Persisting; 2. Thinking and communicating with clarity and precision; 3. Managing impulsivity; 4. Gathering data through all senses; 5. Listening with understanding and empathy; 6. Creating, imagining, and innovating; 7. Thinking flexibly; 8. Responding with wonderment and awe; 9. Thinking about thinking (metacognition); 10. Taking responsible risks; 11. Striving for accuracy; 12. Finding humor; 13. Questioning and posing problems; 14. Thinking interdependently; 15. Applying past knowledge to new situations; 16 . Remaining open to continuous learning. It was found through the literature review above that scientific thinking dispositions are almost the same as habits of mind if the domain-specific characteristics are not taken into consideration. Thus, based on the discussions above, this study decided to develop the scientific thinking disposition inventory (STDI) based on 10 thinking dispositions, namely, persistence, managing impulsivity, listening with understanding and empathy, thinking flexibly, reflective thinking, striving for accuracy, questioning and posing problems, taking a critical perspective, thinking interdependently, and organizational thinking. And science terms, such as scientific problem and experiment report, were used in item descriptions.
This study examined the construct validity using the relationship between scientific creativity and scientific reasoning. According to the viewpoint by Fraenkel and Wallen (2006) , there were three steps to obtain a proof for construct validity:
1. Clearly defining the variable being measured; 2. Creating a hypothesis based on the theory of that variable, usually in this form-Those who score high on this variable would show a certain behavior under certain circumstance, while those who score low would show another behavior under the same circumstance; 3. Testing the hypothesis by using logical inference and empirical methods. From this perspective, it was possible to explore the significance of the differences in behaviors under the influence of certain scientific thinking dispositions between the two groups of students with high and low STDI scores, for examining the construct validity of the STDI.
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Based on the above, this study decided to examine the construct validity of the STDI using two variables-scientific creativity and scientific reasoning. Below is a detailed explanation. Hu and Adey (2002) believed that, through processes including imagination and thinking, scientific creativity is to produce technical products with fluency, flexibility, and originality or products of science knowledge, science phenomena, or science problems. And fluency, flexibility, and originality are related to the science thinking disposition "thinking flexibly." In the aspect of science reasoning, according to the definition by Lawson (1995) , there were seven types of science reasoning capability include: classification, conservation, the identification and control of variables, proportional, combinatorial, probabilistic, and correlational reasoning. These types of reasoning capability are related to the science thinking dispositions "striving for accuracy," "organizational thinking," and "reflective thinking." A science thinking disposition is the persistence of continuous thinking behavior and tendency in different scientific thinking situations in the long term (Perkins & Tishman, 1998) . Developing good thinking dispositions helps to achieve more mature and wiser thinking. (Costa & Kallick, 2000) According to the above statement, it can be reasonably inferred that good science thinking dispositions lead to improvements in scientific creativity and scientific reasoning performances.
In sum, this study's hypothesis is that the scientific creativity and scientific reasoning performances of those with good scientific thinking dispositions are better than the performances of those with bad scientific thinking dispositions. Thus, this study used the STDI, the scientific creativity test, and the scientific reasoning test to verify the hypothesis that those with high STDI scores would score high in the scientific creativity test and the scientific reasoning test, while those with low STDI scores would score low in the scientific creativity test and the scientific reasoning test, to examine the construct validity of the STDI.
Research Design
This study aimed to develop a STDI with good reliability and validity. It also aims to explore whether the modified inventory could be used to effectively examine the differences in scientific creativity and scientific test scores between students of different scientific thinking dispositions. The development process of the STDI and the research samples are discussed below.
The Development Process of the STDI
There were two main stages of the development process of the STDI. In the first stage, the 10 thinking dispositions were used as constructs. The theoretical explanations by Tishman, Jay, and Perkins (1993) and Costa and Kallick (2000) were used as references for the descriptions of the items of the STDI. The draft contained 60 items corresponding to the scientific thinking dispositions. Then, two scholars from the field of science education and three junior high school natural science teachers were invited to offer their opinions to modify the draft to improve the content validity. Before the pre-test, three eighth graders who were not among the research subjects were asked to read the inventory. The inventory was modified based on their opinions to make sure that students could understand it and to improve the face validity.
After the STDI draft was completed, item analyses were conducted to explore the reliabilities of the items individually. The methods used included comparisons of extreme groups and homogeneity tests. The former could be used as a discrimination index. With the significance level being achieved, the higher the critical value (t) was, the higher the corresponding item discrimination. The later showed whether the psychological traits being measured by the items were similar. The correlation between the items and the complete inventory should be above 0.30 (Murphy & Davidshofer, 2001; McIntire & Miller, 2007) .
Inappropriate items were removed based on the item analysis results of the draft. Then, the reliability of THE CONSTRUCTION AND VALIDATION OF THE STDI 313 the whole inventory was assessed through reliability analyses. If the reliability value of a subscale was lower than 0.60, the descriptions of its items were modified or new items were added. If this criterion was met, the correlation coefficients between the subscales were calculated. Coefficients lower than 0.2 were considered too low and those higher than 0.8 were considered too high. In these cases, further discussions were required to determine whether the corresponding subscales should be removed or combined. Then, exploratory and confirmatory factor analyses were performed to examine the corresponding validity (Arbuckle & Wothke, 1999; Murphy & Davidshofer, 2001; McIntire & Miller, 2007) . In the second stage, according to the viewpoint proposed by Fraenkel and Wallen (2006) , the three steps to obtain proofs for construct validity were conducted. After the STDI was finalized, different research samples were used to conduct the STDI survey, the scientific reasoning test scores, and the scientific creativity test. It also used to verify the hypothesis that those with high STDI scores would score high in the scientific creativity test and the scientific reasoning test, while those with low STDI scores would score low in the scientific creativity test and the scientific reasoning test.
Samples
According to the findings of the study by Perkins et al. (2000) , the re-test reliability values for perception and judgment of ninth graders were 0.81 and 0.72, respectively. Those of fifth graders were 0.61 and 0.68, respectively, showing that younger students were more likely to have different performances in thinking dispositions. Because this study aimed to develop a STDI junior high school students with rather robust performances in thinking dispositions were considered as candidates for the research subjects. The researcher of this study consulted some peer teachers and learned that ninth graders were not able to work with this study as they had to prepare for the senior high school entrance exam. Thus, the eighth graders were selected as the research subjects.
Stage I. The schools for research sampling included the large schools in the metropolitan area and the medium-sized schools in the small metropolitan area in Kaohsiung. These schools were all normal class-grouping schools. A total of 309 eighth graders from 11 classes participated in the pre-test.
Stage II. The schools for research sampling were the same as those in Stage I. One hundred and seventyone eighth graders who were not among the participants in Stage I were selected as the research subjects.
Instruments
This study adopted the scientific creativity test developed by Hu and Adey (2002) and modified by Chen (2004) , to measure the students' scientific creativity shown while learning science. The items were categorized into four groups: science knowledge, science question, technology product, and scientific phenomenon. The reliability of the modified test was 0.630, while its correlation coefficient with the originality measure in the Torrance tests of creative thinking was 0.452. The reliability and criterion-related validity were both good and the content was readable for Taiwanese students (Chen, 2004) . The scientific reasoning test used in this study is the test modified by Lawson in 1995 with 12 questions groups from seven categories: conservation of mass, conservation of volume, ratio, variable control, probability, combination, and relationship inference. The Cronbach α-value of the Chinese version of this test was 0.83. Although some scientific concepts, such as capillarity, gravity, and ratio, were involved in the scientific creativity test and the scientific reasoning test, the eighth graders had already learned these concepts from the previous science courses.
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Findings and Discussions
The research findings are summarized below based on the implementation stages of this study.
Stage I
The content of the draft of the STDI. The literature review above shows that scientific thinking dispositions include the following 10 habits: persistence, managing impulsivity, listening with understanding and empathy, thinking flexibly, reflective thinking, striving for accuracy, questioning and posing problems, taking a critical perspective, thinking interdependently, and organizational thinking. Thus, the researcher used the definitions of the behaviors as the constructs and designed six items for each of the constructs. For the purpose of applying the inventory to large samples and convenience of scoring, 5-point Likert scale was used for the tool with five options from "Very likely" to "Very unlikely." The meanings and items of the subscales are summarized below (see Table 1 ). 45 When exploring a scientific question, I would keep on reviewing my strategies to make sure they are appropriate.
55 When exploring a scientific question, I rarely evaluate the effects after the exploration is completed.
Striving for accuracy
6 When exploring a scientific question, I would review the goal to be achieved. 16 There are often mistakes in science experiment reports I submit. (r) 26 When exploring a scientific question, I would review the laws that should be followed.
36 When exploring a scientific question, I would review the conditions that should be complied with.
46
If I have to choose between submitting a science experiment report on time and making sure there is no mistake in the report, I would choose the former. 27 When learning science, I often think, "What is the cause of this relationship?"
37
When exploring a scientific question, I would also look for issues that can be further looked into after making a conclusion. 47 If there is something abnormal in the result of a science experiment report, I often choose to ignore it. (r) 57 When learning science, I would ask questions actively in order to obtain new information.
Taking a critical perspective 8
When exploring a scientific question, I am not good at deciding whether an explanation is better than the other. (r) 18 When exploring a scientific question, I would take the evidence against my viewpoint into consideration.
28
When exploring a scientific question, I would compare the advantages and disadvantages between different solutions.
38
When exploring a scientific question, I am not good at determining which information is related to the question and which is not. (r) 48 When exploring a scientific question, I would check the consistency between inferences.
58
When exploring a scientific question, I would make sure my conclusion is based on current evidences and reasonable reasons.
Thinking interdependent ly 9 During a group discussion, I would comment on another person's idea through a supportive way.
19 During a group discussion, I would provide positive opinions and opinions about improvements that can be made.
29 During a group discussion, I would hold on to my own view and make sure others agree with me. (r)
39 During a group discussion, I would discuss with others about different views. 
40
I am used to explore scientific questions using the thinking method of "taking actions for every thought that comes to mind." (r) 50 When exploring a scientific question, I would do it step by step and logically. 60 I would explore scientific questions with plans and methods.
Note. Items with an "r" are reverse coded items.
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The item analysis of the draft of the STDI. The item analyses for the STDI were performed using a statistical analysis software package-statistic package for social science (SPSS) for Windows 17.0. The results are summarized in Table 2 . The scores of Items 12, 23, 29, 40, 42 , and 46 of the low STDI score group were higher than those of the high STDI score group, which was obviously not reasonable. The critical values of Items 8, 35, and 53 were not significant. The homogeneity test values for Items 16, 20, 47 , and 49 were too low, meaning that these items were not ideal and should be removed. However, the researcher found that the reliability of the inventory was 0.924, while those of subscales 2, 5, 6, 8, 9, and 10 were merely between 0.270 and 0.502 (see Table 3 ), which were obviously too low, meaning that the items of these subscales needed to be re-arranged.
First of all, according to the definitions in the literature review, subscales of similar meanings were merged. For example, "persistence" means working hard to hold on to the last moment without giving up and THE CONSTRUCTION AND VALIDATION OF THE STDI 318 "managing impulsivity" means thinking before acting, keeping the mind calm, pondering deeply over, and being careful and cautious. The definitions of these two subscales are rather similar compared to other subscales. Thus, these two subscales were merged into the "persistence and managing impulsivity" subscale.
"Listening with understanding and empathy" was defined as trying to understand others, putting in some efforts to take others' ideas and perspectives into consideration, and carefully appreciating others' views and goodwill, while "thinking interdependently" was defined as working together and truly cooperate with and learn from others in a mutually beneficial situation. The definitions of these two subscales are rather similar compared to other subscales. Thus, these two subscales were merged into the "thinking interdependently" subscale.
"Thinking reflectively" was defined as understanding one's own thinking patterns, paying attention to one's own thoughts, strategies, feelings, and conducts, and thinking about the influences of these conducts on others, while "striving for accuracy" was defined as developing the desire to pursue accuracy, precision, and skills. "Organizational thinking" was defined as applying previously learned knowledge to other scenarios. The definitions of these three subscales are rather similar compared to other subscales. Thus, these three subscales were merged into the "metacognition" subscale.
"Questioning and posing problems" was defined as developing the attitude of seeking knowledge and asking questions, to look for not only problems but also answers to these problems, while "taking a critical perspective" was defined as the tendency to question known conditions and asking for a chance of defense and the capability of assessing and evaluating reasons. The definitions of these two subscales are related to critical thinking. Thus, these two subscales were merged into the "taking a critical perspective" subscale. Lastly, the definition of "flexible thinking" is not very similar to other subscales. Thus, subscale 4 was not merged with any other subscale.
After the merging, there were five subscales in total. And the corresponding reliabilities were significantly higher between 0.528 and 0.797. In order to increase the correlations between the items, Items 8, 12, 16, 20, 23, 29, 35, 40, 42, 46, 47, 49 , and 53 were removed based on the analysis results in Table 2 . Moreover, because there were too many items in the "metacognition" subscale, Items 15, 36, and 55, which were the ones with rather low correlation coefficients, were removed. However, there were only six items in the "flexible thinking" subscale and the reliability of the subscale was 0.653, which was acceptable. Thus, none of the items in this subscale was removed.
In sum, a total of 16 items were removed. There were only 44 items left for the finalized version of the STDI (see Appendix). Then, reliability and validity analyses were performed to find out if the reliability and validity of this version were good.
The finalized version of the STDI and the reliability analysis. After the selection of subscales based on the item analysis results of the STDI draft, there were five subscales left, namely, persistence and managing impulsivity, thinking interdependently, thinking flexibly, metacognition, and taking a critical perspective (see Table 2 for the new item numbers after the revision and the original numbers). The contents of the subscales are summarized below.
There were 10 items in the "persistence and managing impulsivity" subscale-Items 1, 2, 10, 16, 17, 24, 25, 31, 37, and 38 . The purpose of this subscale was to evaluate if the subject could work hard to hold on to the last moment without giving up, think before acting, keep his/her mind calm, ponder deeply over, and be careful and cautious. Examples of the items in this subscale include: Item 2 (When exploring a scientific question, I would not make any judgment until the right moment) and Item 10 (When encountering a difficult scientific THE CONSTRUCTION AND VALIDATION OF THE STDI 319 question that I cannot solve, I often just quit and give up).
There were eight items in the "thinking interdependently" subscale-Items 3, 8, 11, 15, 26, 30, 32 , and 43. The purpose of this subscale was to evaluate if the subject could work together and truly cooperate with and learn from others in a mutually beneficial situation, try to understand others, put in some efforts to take others' ideas and perspectives into consideration, and carefully appreciate others' views and goodwill. Examples of the items in this subscale include: Item 8 (During a group discussion, I would comment on another person's idea through a supportive way) and Item 15 (During a group discussion, I would provide positive opinions and opinions about improvements that can be made).
There were six items in the "thinking flexibly" subscale-Items 4, 12, 18, 27, 33, and 39. The purpose of this subscale was to evaluate if the subject could think from another perspective, find a way to change his/her views and innovate and come up with an alternative. Examples of the items in this subscale include: Item 18 (When exploring a scientific question, I would come up with different methods and solutions) and Item 27 (When exploring a scientific question, I would think from different perspectives).
There were 10 items in the "metacognition" subscale-Items 5, 6, 9, 19, 20, 23, 34, 36, 40, and 44 . The purpose of this subscale was to evaluate if the subject could understanding his/her own thinking patterns, pay attention to his/her own thoughts, strategies, feelings, and conducts, think about the influences of these conducts on others, be capable of organized thinking, and solve problems with a plan. Examples of the items in this subscale include: Item 6 (When exploring a scientific question, I would review the goal to be achieved) and Item 20 (When exploring a scientific question, I would review the laws that should be followed).
There were 10 items in the "taking a critical perspective" subscale-Items 7, 13, 14, 21, 22, 28, 29, 35, 41, and 42 . The purpose of this subscale was to evaluate if the subject could develop the attitude of seeking knowledge and asking questions, look for not only problems but also answers to these problems, and perform comparisons and make judgments based on the explanations, solutions, and evidences as well as their associations with the problems. Examples of the items in this subscale include: Item 14 (When exploring a scientific question, I would take the evidence against my viewpoint into consideration) and Item 35 (When exploring a scientific question, I would check the consistency between inferences).
Then, reliability analyses were performed, including internal consistency analyses and tests for associations among subscales. In the aspect of internal consistency, the α-value of the inventory was 0.952 and those of the five subscales-persistence and managing impulsivity, thinking interdependently, thinking flexibly, metacognition, and taking a critical perspective were 0.830, 0.778, 0.653, 0.866, and 0.836, respectively (see Table 4 , in bold and italic font). Murphy and Davidshofer (2001) suggested that the α-value of a factor is considered good if above 0.70 and acceptable if above 0.60, while that of an inventory is considered good if above 0.80 and even better if above 0.90. All the α-value, except for the one of "thinking flexibly," were above 0.70 and that of the overall inventory was above 0.90, meaning the reliability of this inventory was high.
In order to explore the correlations between the subscales, correlation analyses were performed. If the correlation coefficient of two variables is above 0.80, this correlation is considered strong. If it is between 0.40 and 0.80, this correlation is considered medium. If it is between 0.20 and 0.40, this correlation is considered weak. If it is under 0.20, there is almost no correlation at all (Murphy & Davidshofer, 2001) .
As for the correlations between the subscales in this study, the obtained correlation coefficients were between 0.657 and 0.832 (p < 0.000) (see Table 4 , in standard font). The correlations among "persistence and managing impulsivity," "metacognition," "taking a critical perspective," and "metacognition" were strong, with THE CONSTRUCTION AND VALIDATION OF THE STDI 320 the coefficients of 0.823 and 0.832, respectively. And all the other between-subscale correlations were medium. However, because what these three subscales measured were different, it was not appropriate to merge these subscales. Thus, the 44 items were still arranged under five subscales. The factor analysis of the STDI. Regarding factor analyses, Bandalos and Finney (2001) suggested to add up or group the item scores into parcel scores, and then, use these parcel scores as indicators, as the item idiosyncratic influence on parcel scores is rather small (Chapman & Tunmer, 1995) . Moreover, the communality of parcel scores is usually rather high, which means that ratio of common-to-unique variance is rather large (Little, Cunningham, Shahar, & Widaman, 2002) . Based on this argument, the researcher decided to randomly categorize the items of each subscale into two groups and added up the scores of the odd-numbered items and those of the even-numbered items (e.g., odd-numbered items under "metacognition" and even-numbered items under "metacognition") for factor analyses.
The next step was to perform factor analyses. The obtained Kaiser-Meyer-Olkin (KMO)-value was 0.957 (p < 0.001), meaning that there were common factors among the items and it was suitable to perform factor analyses. Because the correlations between the subscales were strong or medium, the researcher applied principal axis factoring. The varimax method was adopted for oblique rotations. One factor-science thinking disposition was extracted, which was science thinking disposition. The factor loadings of the items were between 0.739 and 0.912 (see Table 5 ), 68.1% of the total variation of the 44 items inventory could be explained.
Table 5 The Factor Loadings of the STDI Subscales
Science thinking disposition Odd-numbered items under "metacognition" 0.912 Even-numbered items under "taking a critical perspective" 0.884 Even-numbered items under "metacognition" 0.876 Odd-numbered items under "persistence and managing impulsivity" 0.844 Odd-numbered items under "taking a critical perspective" 0.836 Even-numbered items under "thinking interdependently" 0.812 Even-numbered items under "persistence and managing impulsivity" 0.809 Even-numbered items under "thinking flexibly" 0.762 Odd-numbered items under "thinking interdependently" 0.762 Odd-numbered items under "thinking flexibly" 0.739
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Why were not five factors extracted through the factor analysis? It was because that the item descriptions of the STDI were based on the theory proposed by Tishman, Jay, and Perkins (1993) and Costa and Kallick (2000) . However, these scholars only built theoretical frames for thinking dispositions in their works. They did not verify the correlations between these factors. Thus, extracting only one factor-science thinking disposition, was also possible and reasonable. In addition, according to Table 4 , the correlations between the subscales were strong or medium, meaning that when applying the STDI to research, explanations had to be made based on the total scores of the inventory. It was not appropriate to discuss any of the subscale scores individually.
Lastly, the structural equation model (SEM) was applied for confirmatory factor analysis (CFA). The validity of this inventory was examined based on the goodness-of-fit of the model. First of all, the measurement model plot was created based on the CFA results (see Table 5 ). Then, analysis of moment structures (AMOS), a statistical analysis software package, was used for analyses. Figure 1 was obtained and the ellipse in this figure was the one factor extracted, which was the latent variable. The five rectangles were the five manifest variables, namely, persistence and managing impulsivity, thinking interdependently, thinking flexibly, metacognition, and taking a critical perspective. The values above the upper-right corners of the rectangles were the R 2 -value from predicting the manifest variables using the latent variable and equaled to the communalities from general factor analyses. For example, the R 2 -value of "persistence and managing impulsivity" was 0.75 with e1-e5 being the measurement errors. Thus, the "persistence and managing impulsivity" = thinking disposition × 0.87 + e1. The "thinking interdependently" = thinking disposition × 0.82 + e2. As for the goodness-of-fit test for the measurement model, the maximum likelihood (ML) method was applied for parameter estimation. In the aspect of preliminary fit criteria, all the error variances were positive between 4.612 and 30.397. All significant (p < 0.001) with the factor loadings between 0.81 and 0.94 (see Figure 1 ), which was between 0.5 and 0.95, and the absolute values of correlation coefficients between parameter estimates between 0.003 and 0.609, which was not too close to 1. These results showed that the model being tested was good and the latent variables could be measured by using the observed variables. Then, the overall goodness-of-fit of the model was tested. Table 6 shows that χ 2 = 11.381 (df = 5). And statistical significance was reached. However, due to the common influence of sample size on χ 2 , χ 2 was not considered as a good indicator for goodness-of-fit of the model. In addition, the χ 2 ratio was 2.276 (lower than 3), the acceptance threshold. And indicators, such as goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI), incremental fit index (IFI), normal fit index (NFI), and standardized root mean square residual (SRMR) were less likely to be influenced by sample size. Thus, they were used to evaluate the goodness-of-fit of the model. It was found that SRMR = 0.0125 (lower than 0.05), while GFI, AGFI, IFI, and NFI were all above 0.9, showing that the overall goodness-of-fit was good, and the hypothesis could be accepted (Arbuckle & Wothke, 1999) . In other words, the measurement model of the inventory fitted the actual data and there was evidence to support the test model proposed by the researcher. The fit of the internal structure of the model was tested (see Table 7 ). In the aspect of individual subscale reliability, the α-value of "persistence and managing impulsivity," "thinking interdependently," "thinking flexibly," "metacognition," and "taking a critical perspective" were 0.754, 0.68, 0.649, 0.874, and 0.794, respectively (all above 0.5). The latent variable reliability was 0.938 (above 0.6). All the parameter estimates were significant (p < 0.001). The latent variable average variance extracted (AVE) was 0.750 (above 0.5). The absolute values of standardized residuals were between 0.021 and 0.348 (under 1.96). The modification indices were between 0.000 and 2.740 (under 3.84). Thus, the fit of the internal structure of the model was good. After integrating the test results of the preliminary fit criteria, overall model fit and fit of internal structure, it was found that the STDI met all the standards, meaning it was a good measurement tool.
Stage II
The construct validity of the STDI. The literature review above shows that scientific thinking dispositions can significantly influence scientific creativity and scientific reasoning. Thus, the researcher inferred that scientific thinking dispositions could be relate to scientific creativity and scientific reasoning. Those with high STDI scores would score high in the scientific creativity test and the scientific reasoning test, while those with low STDI scores would score low in the scientific creativity test and the scientific reasoning test. Based on this hypothesis, the researcher used the differences in the performances of the scientific creativity THE CONSTRUCTION AND VALIDATION OF THE STDI 323 test and the scientific reasoning test between the student groups of different scientific thinking dispositions as the proof for the construct validity of the STDI. Thus, in Stage II, the tests were performed with the research sample.
Then, the correlations between scientific thinking dispositions and scientific creativity and between scientific thinking dispositions and scientific reasoning were examined (see Table 8 ). According to the results, the correlation between scientific thinking dispositions and scientific creativity was 0.288 (p = 0.000), and that between scientific thinking dispositions and scientific reasoning was 0.337 (p = 0.000), which are both low and positive correlations. Although these correlations were low, they were still statistically significant. In other words, they were robust and meaningful (Fraenkel & Wallen, 2006) . That means, theoretically, there are correlations between scientific thinking dispositions and scientific creativity, and correlations between scientific thinking dispositions and scientific reasoning, and this study found evidences for that. Based on these findings, further tests were conducted to examine the differences in performances of the scientific creativity test and the scientific reasoning test between the student groups of different scientific thinking dispositions, for the purpose of exploring the construct validity of the STDI.
The differences in performances of the scientific creativity test between the high-STDI-score group and the low-STDI-score group. First of all, the students were ranked based on their STDI scores. The top 27% were assigned to the high-STDI-score group, while the bottom 27% to the low-STDI-score group. Table 9 shows that there were 46 students in the high-STDI-score group with the mean score (Mean) and standard deviation (SD) being 169.13 and 13.633, respectively, and there were 47 students in the low-STDI-score group, with the Mean and SD being 110.62 and 16.519, respectively. Then, the independent sample t-test was performed on the scientific creativity test results. The Levene value of the homogeneity of variance test of the high-STDI-score group and the low-STDI-score group was significant (F = 10.283, p = 0.002), meaning the two samples showed significant difference in the dispersion of scientific creativity. Thus, adjusted t-test was more appropriate (Aron & Aron, 2003; Howell, 2007) . Table 10 shows the results of the independent sample t-test, with t = 3.739 and p = 0.000, meaning that the performances of the scientific creativity test between the high-STDI-score group and the low-STDI-score group were different. That is, the students with high STDI scores would score high in the scientific creativity test. Note. * p < 0.001.
The differences in performances of the scientific reasoning test between the high-STDI-score group and the low-STDI-score group. Then, the test was performed on the scientific reasoning test results. The Levene value of the homogeneity of variance test of the high-STDI-score group and the low-STDI-score group was significant (F = 4.964, p = 0.028), meaning the two samples showed significant difference in the dispersion of scientific reasoning. Thus, adjusted t-test was more appropriate (Aron & Aron, 2003; Howell, 2007) . Table 11 shows the results of the independent sample t-test, with t = 3.808 and p = 0.000, meaning that the performances of the scientific reasoning test between the high-STDI-score group and the low-STDI-score group were different. That is, the students with high STDI scores would score high in the scientific reasoning test. In sum, the students with high STDI scores would score high in the scientific creativity test and the scientific reasoning test. Moreover, it was found in Stage I that the items of the STDI all met the criteria to contrast an inventory. This is sufficient to show that the STDI was a good measurement tool.
Conclusions and Implications
This study aimed to develop a STDI with good reliability and validity. Through the processes of literature review to explore the implications of scientific thinking dispositions, developing the draft of the STDI, performing a pilot study and item analyses, and removing items based on the item analysis results, the STDI was created with 44 items, covering contents in relation to persistence and managing impulsivity, thinking interdependently, thinking flexibly, metacognition, and taking a critical perspective. Firstly, the result of the factor analysis showed that only one factor-scientific thinking disposition, could be extracted, meaning that when applying the STDI to research, the results must be explained based on the total scores and it is not appropriate to discuss any of the subscales separately. Secondly, the obtained Cronbach's α of the STDI was 0.952, meaning that the reliability of this inventory was good. Moreover, the measurement model of the inventory met the fit indices, meaning that the STDI was a good measurement tool. In addition, the differences in the performances of the scientific creativity test between the high-STDI-score group and the low-STDI-score group was significant (p < 0.001), meaning the construct validity of the inventory was good. All these evidences showed that the results of the item analyses and the validity and reliability tests were ideal, so the STDI was an efficient tool for assessing eighth graders' scientific thinking dispositions.
Based on the conclusions above, this study proposed three suggestions as below: 1. Developing scientific thinking dispositions is important for students when it comes to learning science (AAAS, 1989) . Thus, future studies can adopt the STDI developed by this study to explore the differences in concept learning, problem solving, scientific argument, and inquiry skills between students of different scientific thinking dispositions. This way, the construct validity of this inventory can be further supported by more proofs. And the possible associations of students' scientific thinking dispositions with their various performances in learning science can be further investigated.
2. By using this inventory with other scientific thinking related variable for research, the causal model of influences on students' ways of thinking can be further studied, and the obtained results may help with the overall understanding of students' scientific thinking.
3. The research results showed that there were differences in the performances of the scientific creativity test between student groups of different scientific thinking dispositions, meaning that scientific thinking dispositions are important for scientific creativity and scientific reasoning. Therefore, teachers can use this inventory to understand their students' scientific thinking dispositions, to examine their changes in scientific thinking dispositions to further explore their learning characteristics, or to design teaching activities that can help students to develop scientific creativity and scientific reasoning capabilities. When exploring a scientific question, I would compare the advantages and disadvantages between different solutions.
23
When exploring a scientific question, I would divide the question into several parts in an organized way.
24
When exploring a scientific question, I would not back down no matter how many frustrations come along.
25
When exploring a scientific question, I would spend some time assessing other alternatives and possible results.
26
When discussing a scientific question with others, I would extend their perspectives and clarify with them.
27
When exploring a scientific question, I would think from different perspectives.
28
When exploring a scientific question, I would also look for issues that can be further looked into after making a conclusion.
29
When exploring a scientific question, I am not good at determining which information is related to the question and which is not. 30
During a group discussion, I would discuss with others about different views.
31
When I encounter a scientific question that I cannot solve, I would just come up with an answer and get it over with.
32
When discussing a scientific question with others, I would interpret their perspectives accurately.
33
When exploring a scientific question, I could accept reasoning that is completely opposite to my viewpoint.
34
When exploring a scientific question, I would keep on reviewing my strategies to make sure they are appropriate.
35
When exploring a scientific question, I would check the consistency between inferences.
36
When exploring a scientific question, I would do it step by step and logically. When learning science, I would ask questions actively in order to obtain new information.
42
When exploring a scientific question, I would make sure my conclusion is based on current evidences and reasonable reasons. 43
During a group discussion, other people's views often help me to come up with a new question or a new thinking direction.
